Growth conditions that result in the accumulation of the tryptophan intermediate indoleglycerol phosphate or ofthe histidine intermediate imidazoleglycerol phosphate cause mycelia of Neurospora crassa to exhibit an immediate and sustained increase in the differential rate at which the biosynthetic enzymes of the tryptophan, histidine, and arginine pathways are synthesized. These accumulated intermediates are shown to be inhibitors of the activity of aminoacyltransfer ribonucleic acid (tRNA) synthetases, as judged by an in vitro esterification assay. The tryptophan intermediate is shown to inhibit the charging of tryptophan, and the histidine intermediate is shown to inhibit charging of histidine. The inhibitions noted are consistent with the finding that the level of charged tRNATrP is decreased significantly in cells that have accumulated indoleglycerol phosphate and that of tRNAHiS is decreased significantly in cells that have accumulated imidazoleglycerol phosphate. These results are interpreted as support for the involvement of aminoacyl-tRNA species in mediating cross-pathway regulation ofthe tryptophan, histidine, and arginine biosynthetic pathways as proposed in Lester's polyrepressor hypothesis (G. Lester, 1971) . The correlations noted lead to the conclusion that Neurospora utilizes regulatory mechanisms that have the ability to react to changes in the level of charging of tRNA species.
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The importance of accumulated intermediates of histidine and tryptophan biosynthesis for regulation of the formation of tryptophan synthase in Neurospora has been recognized for some time (10, 19, 25, 30) . The recent work of Carsiotis and co-workers (9, 11) has shown that deprivation of tryptophan, histidine, or arginine auxotrophs of Neurospora with respect to the required amino acid will cause the cells to exhibit derepression of the enzymes of all three biosynthetic pathways. These workers have used the term cross-pathway regulation to denote this phenomenon. The "polyrepressor" model introduced by Lester (19) to account for this phenomenon postulated the existence of a macromolecule that could recognize signals from several biosynthetic pathways simultaneously. The possibility that these signals might be aminoacyl-transfer ribonucleic acids (tRNA's) was also suggested.
The recent work of Nazario and co-workers (27) on an auxotrophic strain of Neurospora that required tryptophan for growth but had all the enzymes required to form tryptophan in I Present address: Lipid Metabolism Laboratory, VA Hospital, Madison, WI 53705. vitro indicated that the mutant possessed a deficient tryptophan-charging enzyme. This mutant appeared to exhibit higher than ordinary levels of two tryptophan biosynthetic enzymes. These authors suggested, on the basis of their results, that a product of tryptophanyltRNA synthetase, probably tryptophanyltRNA, was involved in regulation of formation of enzymes of the pathway.
In the work described here, we sought evidence that would relate the accumulation of intermediates, the activity of various aminoacyl-tRNA synthetases, the differential rates of synthesis of biosynthetic enzymes, and the levels of various aminoacyl-tRNA's in vivo. Such correlations, if they could be demonstrated, would provide a framework of circumstantial evidence that might implicate aminoacyltRNA's in the regulation of the formation of enzymes of amino acid biosynthetic pathways 
MATERIALS AND METHODS
Growth of cultures. Stock cultures of wild-type Neurospora crassa, strain 74A, were maintained on Vogel's medium N (31), supplemented with 2% sucrose and 1.5% agar. Mycelia for measurement of biosynthetic enzymes and intermediates were grown in shake cultures as described (30) . Large amounts of mycelium needed for extraction of aminoacyltRNA synthetases and tRNA species were grown in 20-liter carboys fitted with spargers. Mycelia were lyophilized and ground to a find powder in a Wiley mill.
Measurement of biosynthetic enzymes, intermediates, and tryptophan. Extracts for assay of tryptophan biosynthetic enzymes were prepared in 0.1 M potassium phosphate buffer, pH 7.8, containing 0.1 mM ethylenediaminetetraacetic acid and 0.1 mM dithiothreitol. After centrifugation, ammonium sulfate was added to 75% saturation. The pellet obtained after centrifugation was taken up in the same buffer and used in the assays below. Extracts for assay of histidinol phosphate phosphatase were prepared in triethanolamine-HCl buffer, pH 7.5. For assay of histidinol phosphate transaminase, ornithine transcarbamylase, carbamyl phosphate synthetase, and aspartic transcarbamylase extracts were prepared in 0.05 M potassium phosphate buffer, pH 7.0.
The enzymes assayed and references to the methods used are as follows: anthranilate synthase (15) ; phosphoribosyl-transferase (33); indoleglycerol phosphate synthase (33) ; tryptophan synthase (14) ; histidinol phosphate transaminase (3); histidinol phosphate phosphatase (2), as modified by Carsiotis et al. (11) ; ornithine transcarbamylase, aspartic transcarbamylase, and carbamyl phosphate synthetase (all described by Davis [13] ). All assays were incubated at 37°C. One unit of activity is that amount of enzyme required to catalyze the conversion of 1 ,umol of substrate to product in 1 min at 37°C. Specific activity is reported in units per milligram of protein. Protein was measured by the method of Lowry et al. (21) , using bovine serum albumin as a standard.
Indoleglycerol phosphate was measured using the periodate assay described by Yanofsky (35) , and imidazoleglycerol phosphate was measured spectrophotometrically after periodate oxidation and extraction with butanol as described by Ames (1). Indoleglycerol phosphate and imidazoleglycerol phosphate were assayed in crude extracts, which had been boiled for 10 min. Tryptophan was measured with tryptophanase as described by DeMoss (14) .
Isolation of aminoacyl-tRNA synthetases. A partially purified preparation of aminoacyl-tRNA synthetases was obtained from log-phase cells of N. crassa 74A by a modification of the method of Barnett (4). Lyophilized powdered mycelia were extracted as described. After centrifugation, the extract was treated with protamine sulfate (3 mg/ml), and the precipitated nucleic acids were removed by a second centrifugation. The supernatant thus obtained was back-extracted with ammonium sulfate as described (4) . After dialysis of the resulting protein solution, glycerol was added to a final concentration of 25%. This extract was used without further purification. Such extracts have little ribonuclease activity (29) .
Isolation of tRNA. tRNA was isolated by a modification of the procedure described by von Ehrenstein (32) . Fresh or frozen mycelia were homogenized in a Waring blender with a mixture consisting of equal volumes of buffer [0.1 M tris(hydroxymethyl)aminomethane-hydrochloride, pH 7.5, 0.1 M sucrose, 0.002 M magnesium acetate, 0.05 M NaCl, and 1% sodium lauryl sulfate] and 88% phenol. The homogenate was shaken for 2 h at room temperature. After centrifugation, the aqueous layer was removed and nucleic acids were precipitated as described (32) . The precipitated nucleic acids were resuspended in 0.2 M NaCl in 0.01 M tris(hydroxymethyl)aminomethane-hydrochloride, pH 7.5, and applied to a column of diethylaminoethyl-cellulose. Elution was as described (32) . After recovery of the tRNA, attached amino acids were removed by alkaline hydrolysis (32) . The final purification was achieved by isopropanol fractionation. After dialysis, the preparation was lyophilized and stored at -20°C. For assay, the material was dissolved in distilled water. Such preparations had 13 to 14 absorbancy units at 260 nm (A2f0) per mg and good acceptor activity for a number of amino acids tested.
Assay of aminoacyl-tRNA synthetase activity. Aminoacyl-tRNA synthetase activity was measured as the rate of esterification of "4C-labeled amino acid to tRNA. The reaction mixture used was based on the standard reaction mixture described by Shearn and Horowitz (29) . All components except the enzyme were added to the reaction tubes, which were preincubated at 300C for 5 min. The reaction was started by the addition of enzyme. Samples (0.05 ml) were removed at intervals of 20 s for 2 min, applied to glass-fiber papers (Whatman GF/A, 2.1 cm), and immediately placed in cold 5% trichloroacetic acid to stop the reaction. Samples were washed by the method of Bollum (5) and placed in vials containing 10 ml of scintillation fluid, prepared by dissolving 0.5% (wt/vol) 2,5-diphenyloxazole and 0.01% (wt/vol) 1,4-bis-2-(5-phenyloxazolyl)benzene in toluene. Radioactivity was determined in a Packard Tri-Carb liquid scintillation spectrometer.
In all experiments, the incorporation of 14C-labeled amino acid was a linear function of time over the period sampled. Rates of reaction were determined by linear regression analysis of the data points obtained. The rates reported are the averages of three determinations.
Preparation of biosynthetic intermediates and derivatives. Indoleglycerol phosphate and indoleglycerol was isolated from culture filtrates ofEscherichia coli strain A2/F'A2 as described (24) , with the following modification: after concentration of the ethanol washes, the indoleglycerol phosphate and indoleglycerol were further purified by chromatography on Sephadex G-10, which completely resolves these two compounds. Imidazoleglycerol phosphate was chemically synthesized by the method of Ames (1) from barium ribose-5-phosphate and formamidine-HCl. The imidazoleglycerol phosphate was eluted from a Dowex 50 column using 0.5 N HCl (23) . Imidazoleglycerol was synthesized in essentially the same manner from ribose and formamidine-HCl in the presence of potassium phosphate buffer (1) and was purified using the same procedure as for imidazoleglycerol phosphate, with an additional chromatography over Sephadex G-10. Identity and purity of the imidazoleglycerol phosphate and imidazoleglycerol were verified by paper chromatography.
Determination of the level of aminoacylated tRNA species in vivo. The percentage of various tRNA species aminoacylated in the cells was measured as the ratio of the acceptor activity of a tRNA species that was periodate resistant to the total acceptor activity for that species present in phenol extracts of cells. The procedure used was based on the method of Folk and Berg (16) as modified by Lewis and Ames (20) , with other modifications to adapt these procedures for use with N. crassa. Cells treated with trichloroacetic acid, as described (20), were harvested by vacuum filtration and homogenized as above. After recovery of the aqueous layer, nucleic acids were precipitated and subjected to periodate or mock-periodate treatment (16) . After removal of esterified amino acids (32), acceptor activity was determined using the tRNA estrification assay described above, except that the reaction was allowed to go to completion. The experimental protocol was as described (20) . Acceptor activity is reported in picomoles per A2,. The percentage of aminoacylated tRNA in the extracts, for the species of interest, was calculated by division of the acceptor activity of the periodate-treated sample by the acceptor activity of the mock-periodate-treated sample and multiplication of this ratio by 100.
Chemicals. L-Tryptophan (side chain, 3-14C) was purchased from New England Nuclear Corp. Other "4C-labeled amino acids were purchased from Schwarz/Mann and had a specific activity of 50 ,uCi/ ,umol. Indoleacrylic acid and 3-amino-1,2,4-triazole (amitrole) were obtained from Nutritional Biochemicals and Sigma, respectively. Reagent-grade phenol (liquefied) was a product of Matheson, Coleman and Bell or Mallinkrodt and contained no preservative.
Other biochemicals used were purchased from Sigma or Calbiochem, and all chemicals used were of reagent grade or the highest purity obtainable. (30) showed that wildtype cells ofN. crassa grown in the presence of indoleacrylic acid would accumulate indoleglycerol phosphate and would subsequently exhibit a 20-fold increase in their differential rate of formation of tryptophan synthase. We have studied this phenomenon in greater detail and have extended the original observation by demonstrating that such conditions of growth cause the cells to exhibit derepression with respect to all the gene products of the tryptophan pathway, two gene products of the histidine pathway, and two gene products of the arginine pathway ( Fig. 1) . As a control, aspartic transcarbamylase was measured. These conditions had no measurable effect on. the formation of 'this enzyme (Fig. 1I) . The data of the individual plots presented in Fig. 1 were subjected to linear regression analysis, and values for the differential rates of synthesis of the various enzymes were obtained. The values determined in this manner are presented in Table 1 . Included in this table, for comparative purposes, are values obtained for the differential rates of synthesis of these same enzymes in cells grown in the presence of 3-amino-1,2,4-triazole. This compound had been reported to elicit derepression of enzymes of the tryptophan, histidine, and arginine pathways (11) . From the data presented in Fig. 1 and Table 1 , it can be seen that the effect of indoleacrylic acid is similar to that of 3-amino-1,2,4-triazole in causing derepression of all three pathways. The differences noted in the magnitude of the effects on various enzymes in cells subjected to each growth condition are quite reproducible. The reason for these differences is unknown at present but could reflect varying rates of breakdown of the several enzymes involved.
RESULTS

Turner and Matchett
Both indoleacrylic acid and 3-amino-1,2,4-triazole act in a similar manner by inhibiting a biosynthetic enzyme, which results in the accumulation of an intermediate of the pathway affected. In the case of indoleacrylic acid, the enzyme blocked is tryptophan synthase, which results in the accumulation of indoleglycerol phosphate (24 phate (18) . Figure 2 shows the kinetics of accumulation of both these intermediates in cells grown in the presence of indoleacrylic acid and 3-amino-1,2,4-triazole. From these data, it is clear that indoleglycerol phosphate but not imidazoleglycerol phosphate accumulates in cells grown in the presence of indoleacrylic acid. Similarly, imidazoleglycerol phosphate but not indoleglycerol phosphate accumulates in cells grown in the presence of 3-amino-1,2,4-triazole. The pattern observed in the accumulation of the two intermediates is quite different. The concentration of indoleglycerol phosphate increased rapidly during the first hour of growth in medium containing indoleacrylic acid and then remained fairly constant. The concentration of imidazoleglycerol phosphate in cultures grown in the presence of 3-amino-1,2,4-triazole showed a steady increase during the 6-h period in which measurements were made.
The blockage oftryptophan synthase by indoleacrylic acid could be expected to lead to a deprivation of tryptophan in the mycelium. To determine ifthis was the case, we measured the intracellular level of tryptophan in cells grown in medium containing this compound. The results of these measurements indicated that there was a slight increase in the level of tryptophan under these conditions. After 6 h of growth in medium containing indoleacrylic acid, the tryptophan pool was 0.3 ,umol/g (dry weight) compared to a value of 0.1 gmol/g (dry weight) found with growth in minimal medium. The tryptophan pool remained nearly the same as in minimal medium with growth in 3-amino-1,2,4-triazole. The inhibition of imidazoleglycerol phosphate dehydratase by 3-amino-1,2,4-triazole does lead to a decrease in the histidine pool, however, as was shown by Carsiotis and co-workers (personal communication).
To test whether aminoacyl-tRNA's might be involved in the effects noted above, we have used two approaches. First, we examined the effects of indoleglycerol phosphate and imidazoleglycerol phosphate and their respective dephosphorylated derivatives on the formation of tryptophanyl-tRNA and histidyl-tRNA. Second, we measured the levels of these and other aminoacyl-tRNA's in cells that had accumulated the intermediates in question. Figure 3 shows the results of experiments examining the effect of indoleglycerol phosphate and indoleglycerol on tryptophanyltRNA synthetase. Figure 3A shows a doublereciprocal plot of data obtained for the rate of tryptophanyl-tRNA formation as a function of tryptophan concentration. Both indoleglycerol phosphate and indoleglycerol were inhibitory to the reaction. Analysis of these data gave a value of 1.6 ,M for the K,, of tryptophanyltRNA synthetase with respect to tryptophan. This agrees well with the K,,, obtained by others (Suskind, personal communication). The K1 for indoleglycerol phosphate was found to be 4.8 mM, assuming simple competitive inhibition. In the case of indoleglycerol, there was a clear departure from linearity, and so it was not possible to determine a value for the K, of this compound. Figure 3B shows the relationship of the inhibitor concentration of the percentage of remaining tryptophanyl-tRNA synthetase activity. These plots show that both compounds inhibit the charging reaction and, of the two, indoleglycerol is more inhibitory.
The structural similarity of indoleglycerol Fig. 1 .
b The degree of elevation is the ratio of the differential rate found in cells grown in the presence of indoleacrylic acid or 3-amino-1,2,4-triazole to that found in cells grown in minimal medium.
I Parenthetic numbers are standard errors of the estimates. phosphate to imidazoleglycerol phosphate suggested that both intermediates might have similar effects on charging reactions. That this is not the case is shown in Fig. 4 . In Fig. 4A , imidazoleglycerol and imidazoleglycerol phosphate concentrations are plotted versus percentage of remaining activity of tryptophanyltRNA synthetase. The effect on this enzyme, if any, is barely detectable at the highest concentrations used. In Fig. 4B , however, histidine charging is shown to be quite sensitive to the same range of concentrations of the two compounds. The effect of indoleglycerol phosphate and indoleglycerol on formation of histidyltRNA was examined in similar experiments (Fig. 40) . In this case indoleglycerol had a barely measurable effect, but indoleglycerol phosphate showed easily measured inhibition. In experiments ofthis general type not reported here, it was shown that a-methylhistidine inhibited specifically the charging of histidine, and that argininosuccinate specifically inhibited the charging of arginine. These results are summarized conveniently in Table 2 .
The results in Table 2 and the correlations noted above provided a conceptual framework for proceeding with an experimental analysis of the phenomenon of cross-pathway regulation and specifically suggested a test for one of the predictions of Lester's (19) polyrepressor hypothesis. Even though the concentrations of intermediates used in the experiment in Fig. 4 are high, they are well within the ranges demonstrated to be present in cells challenged with the inhibitors used (cf. Fig. 2) . The experiments described above show that the intermediates examined do have the potential for inhibiting the charging reactions of their respective pathways. It was therefore important to examine the percentages of tryptophan, histidine, and arginine tRNA's aminoacylated in cells growing in conditions in which the supposed inhibitors of charging could be shown to have accumulated. To measure the levels of aminoacyltRNA's present in the growth conditions of in- terest, log-phase cells were subcultured into one of three conditions. Those transferred to minimal medium continued to exhibit a repressed rate of synthesis of the enzymes in question and did not accumulate intermediates. Those transferred to medium containing indoleacrylic acid promptly began the accumulation of indoleglycerol phospiate and exhibited derepressed synthesis of the enzymes in question. Similarly, those transferred to 3-amino-1,2,4-triazole began to accumulate imidazoleglycerol phosphate and to exhibit derepression. Samples of each subculture were taken at intervals of 3 h, and the levels of tryptophanyl-, histidyl-, and arginyl-tRNA were determined. In addi- tion, and to provide internal controls for the experiment, the levels of isoleucyl-and valyltRNA were also determined.
The results of this experiment are presented in Table 3 (20) that the acceptor activity relative to an internal standard such as valine was less variable than that relative to the A2.. As shown in section 3 of the table, this was the case in the experiment described here. The cells subcultured into minimal medium that continued to exhibit repressed foriation of the enzymes in question showed no obvious change in the level of charging with respect to any of the five species measured. The cells subcultured into medium containing 0.5 mM indoleacrylic acid showed a significant decrease in the level of charged tRNAT'. The other species examined showed no obvious effect. The cells subcultured into medium containing 3.0 mM 3-amino-1,2,4-triazole showed a significant drop only in the level of charged tRNAHiS. None of the other species examined showed any obvious decrease in the percent esterified.
It is doubtful in the case of indoleacrylic acid that the observed decrements were caused by any measurable reduction in the intracellular concentration of tryptophan. Our measurements (see above) indicated slight increases in the intracellular concentration of tryptophan under the conditions of the experiment. With regard to histidine, the situation is less clear. Carsiotis and co-workers (personal communication) have shown 3-amino-1,2,4-triazole-mediated derepression of tryptophan synthase in cells whose rate of growth was not obviously lowered. Whether or not the decrease in level of histidyl-tRNA is caused by accumulation of pathway intermediates or deprivation of histidine, the results of these experiments demonstrate the correlation between the derepressions noted and the reduced levels of charging. DISCUSSION The possible involvement of aminoacyltRNA's or the aminoacyl-tRNA synthetases in the regulation of amino acid biosynthetic pathways has been the subject of numerous studies in recent years. Particularly in procaryotic organisms, there is now convincing evidence for such involvement in several amino acid biosynthetic pathways (for review, see 6). One of the best-studied examples is the role of histidyltRNA in regulation of the histidine operon in Salmonella typhimurium. Of six genetic loci that affect regulation of this pathway, four are concerned with tRNAHiS formation and a fifth is the structural gene for histidyl-tRNA synthetase. Studies of this system indicated that repression was directly correlated with the concentation of histidyl-tRNA (20) . Regulation of the ilv pathway in S. typhimurium andE. coli, which is subject to multivalent repression by isoleucine, valine, and leucine, also appears to involve the aminoacyl-tRNA species of their respective pathways (17) . A model has recently been proposed to account for the experimental observations related to the regulation of the ilv pathway. This model also involves the participation of threonine deaminase in regulation of this pathway (8, 17) . Evidence for the involvement of aminoacyl-tRNA's has also been obtained for several other pathways, including arginine, tryptophan, and methionine biosynthesis (6) .
There is also evidence for involvement of aminoacyl-tRNA's in regulation of amino acid biosynthetic pathways in eucaryotes, although this question has not been as extensively studied in these organisms. McLaughlin et al. (22) found that the activity of isoleucyl-tRNA synthetase was required for multivalent repression of the isoleucine biosynthetic enzymes in yeast.
The possibility that isoleucyl-tRNA was required for repression was suggested. In N. crassa, there is evidence that arginyl-tRNA is required for repression of arginine biosynthesis. This was suggested by the work ofNazario on an arg-10 mutant ofN. crassa (26) . This mutant, when grown on limiting arginine or on nonlimiting arginine plus citrulline, accumulated argininosuccinate and had elevated levels of arginine biosynthetic enzymes. In the latter case this was true even though the pool of argi- (26) led Nazario to suggest that arginyl-tRNA formation was required for arginine to be effective in repression.
The possibility that tryptophanyl-tRNA might be involved in repression of tryptophan biosynthetic enzymes in N. crassa was first supported experimentally by studies on the trp-5 mutant, which was characterized as having an altered tryptophanyl-tRNA synthetase (27) . Those studies indicated -that even when the pool of tryptophan was equal to or higher than that found in wild-type cells, this mutant had elevated levels of tryptophan biosynthetic enzymes.
The work presented here was undertaken to determine if a correlation existed between derepression of tryptophan, histidine, and arginine biosynthetic enzymes, the accumulation of intermediates ofthese pathways, and the levels of charged tRNA species of these pathways in cells grown in medium containing indoleacrylic acid and 3-amino-1,2,4-triazole.
If such a relationship existed and could be demonstrated unambiguously, then important new information would be available, which might help to explain the phenomenon of crosspathway regulation. An interrelationship between the regulation of the tryptophan and histidine pathways had been indicated by earlier studies, which showed that starvation for histidine resulted in derepression oftryptophan biosynthetic enzymes as well as those of the histidine pathway (10, 12) . Recently, this effect has also been shown to be reciprocal in that starvation for tryptophan resulted in derepression of histidine enzymes (9) . In addition, both conditions were found to result in derepression of arginine biosynthetic enzymes, indicating that the regulation of this pathway was also related to the regulation of the tryptophan and histidine pathways (9, 11) . Growth in the presence of 3-amino-1,2,4-triazole has also been shown to result in derepression of all three pathways (11) . Cross-pathway regulation of the tryptophan, histidine, and arginine pathways is not unique to Neurospora. Schurch and coworkers (28) found that 3-amino-1,2,4-triazole would cause derepression of the enzymes of all three pathways in yeast. The relationship between these three pathways in yeast was confirmed by Wolfner and co-workers (34) , who showed in addition that regulation of the lysine pathway was also involved. Involvement of the lysine pathway in cross-pathway responses has also been suggested for Neurospora (Carsiotis, personal communication (30) . The experiments described here and elsewhere (9) (10) (11) have demonstrated other derepressions in the presence of these intermediates. For this reason we were interested in mechanisms that could account for involvement of these intermediates in such regulation. One such mechanism involved direct participation of the accumulated intermediates in interference with the formation of a required repressor compound (25) . The work of Nazario et al. (27) on the trp-5 mutant suggested the possibility that tryptophanyl-tRNA might be a regulatory effector. The in vitro studies reported here on formation of aminoacyl-tRNA's were designed to determine if these accumulated intermediates could interfere with the formation of these compounds. Our studies with indoleglycerol phosphate and indoleglycerol indicate that both these compounds, at concentrations that may be demonstrated to occur intracellularly, have the potential to inhibit tryptophanyl-tRNA synthetase. These studies have shown further that similarly demonstrated levels of imidazoleglycerol phosphate and imidazoleglycerol have the potential to inhibit histidyltRNA synthetase. In other experiments not reported here, it was shown that a-methylhistidine will inhibit the formation of histidyltRNA, and others (Carsiotis, personal communication) have shown derepression in response to this histidine analogue.
These results provided evidence for the ability of intermediates and amino acid analogues associated with derepression to inhibit aminoacyl-tRNA synthetases. The pattern of inhibition found was consistent with the suggestion that histidyl-tRNA, tryptophanyl-tRNA, and perhaps also arginyl-tRNA were involved in cross-pathway regulation. This hypothesis was further supported by studies in which the levels of tryptophanyl-tRNA and histidyl-tRNA were measured in cells grown in the presence ofindoleacrylic acid and 3-amino-1,2,4-triazole. With growth in the presence of indoleacrylic acid and accumulation of indoleglycerol phosphate, only the level of tryptophanyl-tRNA was decreased, although biosynthetic enzymes of all three pathways were derepressed. With growth in medium containing 3-amino-1,2,4-triazole and accumulation of imidazoleglycerol phosphate, only the level of histidyl-tRNA was lowered, although enzymes of all three pathways were derepressed. A similar pattern is suggested by studies on the trp5 mutant, which appears to be defective in tryptophanyl-tRNA synthetase (27) , yet also has derepressed levels of all three sets of biosynthetic enzymes (Carsiotis, The results reported here and the correlations noted are consistant with the polyrepressor model proposed by Lester (19) . This model proposed a repressor molecule that required the presence ofall three species ofaminoacyl-tRNA for activity. According to the model, the absence of any one of these would render the postulated repressor inoperative and derepression with respect to all the pathways under its control would occur. The results reported here confirm the correlations expected between the levels of aminoacyl-tRNA's and derepression of the related pathways. Unfortunately, they offer no hint as to the mechanism by which such a repressor complex might regulate the rate of protein synthesis.
Although we do not have a satisfactory understanding of the regulation of protein biosynthesis in N. crassa, it is clear from the studies reported here and elsewhere that it involves a complex mechanism. The studies reported here do provide support for the idea that such regulation involves the participation of aminoacyltRNA's. As yet, however, there is no evidence as to the mechanism by which these aminoacyltRNA's can effect repression, or how derepression of enzymes for which the structural genes are widely scattered in the genome can be effected by the lowered level of a single species of aminoacyl-tRNA. An answer to this question must await more investigation and will be fully VOL. 129, 1977 on October 27, 2017 by guest http://jb.asm.org/ Downloaded from understood only when our knowledge of retrieval of genetic information in N. crassa is more complete.
